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Wc have developed a novel "real time" quantitative PCR method. The method measures PCR product 
accumulation through a duaMabeled fluorogenlc probe (Lc, TaqMan Proba). This method provides very 
accurate and reproducible quantitation of gene copies. Unlike otter quantitative PCR methods, real-time PCR 
does nor require post-PCR sample handling; preventing potential PCR product carry-over contamination and 
resulting In much faster and higher throughput assays. The real-time PCR method has a very large dynamic 
ranfre of starting target molecule determination (at least five orders of magnitude)* Real-lime quantitative 
PCR is vxtremcly accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis lias 
had an important rote in many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has bn«n used extensively In monitoring 
biological responses to various slimuii flan et al. 
195)4; Huang el ai. 2995a,b; Prud'homme et al. 
1^95). Quantitative gent? analysis (DNA) has 
been u*cd to tk-.i«rminc the genome quantity of a 
particular gene, as in the case of the human HER2 
gene, which Is amplified in -30% of breast tu- 
mors (Starnon et al. 1987). Gene and genome 
quantitation (DNA and RNA) also have been used 
for analysis of human immunodeficiency .virus 
(JUV) buTdcn demonstrating changes in the lev- 
eisof-vlruvthTou^^^^^ 

disease (Connor et al. 1993; PJittak et al. jvv:$b; 
J'lirtado <H al. 1SJ»5). 

Many methods have heen described for xhv. 
quantitative analysis of nucleic acid sequences 
(both for UNA and DNA; Southern 1 Sharp et 
al. 1980; Thomas 1980). Recently, PCR has 
proven to be f> powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made pos- 
sible many experiments that could not hove been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative- 



that it be u»cd property- for quant tuition (U»«y* 
maekm 1995). Many early reports of quantita- 
tive: PCR and RT-PCB described quantitation of 
the PCR product but did not measure the initial 
target sequence quantity. It is essential to design 
proper controls for the quantitation of the initial 
target sequences (Herrc 1992; dementi et al 
100?.) 

Kesfturchcrs have, developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the reacilon before the plateau (Kellogg <rt al. 
1990; Pang et a). 1990). This method requires 
that each sample has equal input amounts of 
-nuelek^add and that each sample undo* analysis- 
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amplifies with idcu(U.<d efficiency up to the point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tities such as p-actln) can be used for sample 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assuie 
that all samples are analyzed during the log phase 
of the reaction (for both the taTgel gene and the 
normalization gene). Another method, quantita- 
tive competitive (QC)"RCR, has l>cen developed 
and is tiscd widely for PCR quantitation. (JC-PCR 
mlics on the inclusion of an internal control 
compel llor in each reaction (Becker-Andre 1991; 
Piatak ut al 1993« # l>). The efficiency of each re- 
action is normalized to the internal compel Hor. 
a imnwn amount of Internal competitor Can be 
90KX Z0S6 091 6*6 XVd 6S:M Z00Z/S0/2T 
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added to each sample. To obtain relative n»iani» 
ration, the unknown larget PGR product is com- 
pared with the known competitor l»CK product. 
Success of a quantitative competitive VCK assay 
relies on developing an Internal control ihtil am- 
plify with the same efficiency as the uuget mol- 
ccule. The design of the cozupctltoi «ud the vali- 
dation of amplification effluence* jequire » 
dedicated effort. However, because QC-PCR does 
nut require that PC:U j nod nets be analyzed during 
the log phase of (lie amplification, it is tin; easier 
<.*r (he two methods to use. 

Several detraction Kystciu* «ie u,sed for quan 
UUtive ICR and RT-PCR analysis: (1) agarose 
geis, (2)/Juor«cenl labeling of PCR products and 
detection wilh InaHT-indutttd fluorescence using 
capillary elccrrophorcsia (ftiscu ct ah 1995; Wil- 
liams ct al. 1996) or acrylamkle gels, unU (3) p|»i e 
capturn and sandwich probe hybrid 1/41 Sim (Mul- 
der el ah 1994;. Although these method* pmvrd 
successful, each method requires post-PCR ma- 
(llpulatlom That add rimtf to the analysis ami 
may lead to hiboiutoiy i oiilnmiiiation. The 
sample dnuughpul of Ujcm* method* i.s limited 
(wllh Uu- rxccpilon of the plate capture ap- 
proach), nnd, thttrufrii-tt, these methods are not 
well suilr-d fiu um» demanding high snmplc 
throughput (I.e., screening of large numbers of 
bloiuwlw.ulo w: analysing A*mpli» fui diagnu&- 
tlc* or c-Hnicol IriaLs), 

Metre we report flu: development of <t novel 
»**fty for quantitative. DNA analysis. The assay is 
Iwsed on the us* of the 5' nude**,- assay flut 
described by Holland ct id. (1993), The method 
uses in* 5' nucleic ftciivlly of l\u { polymerase to 
cleave a noncxtcndlblc hybridist ion probe dur- 



RESULTS 



— ^^-T>ir c?cieTrsfcm-ph(i3c77f-rcn-T> )t; approach 
uses diial-labcJcd fluorogenic Iiybi -id J /.at Jon 
probes (Lcc ct n3. 39i>3; Hauler ct ah 1993; l.ivak 
H al. J$95o f b). One fluorescent dyv .serves a* a 
reporter |FAM (i.e., 6^arbo*yftuor«*-cm)| and it* 
emission spectra is quenched by the second fluo- 
rescent dy*, TAMRA <{.*., 6-cnrboxy-tetfamethyI- 
rhodaminc). The nuclease degradation of the hy- 
hrtdiwittoii probe releases the quenching <»f UK- 
I'AM fluorescent emission, rcMtUing in an In- 
crease in peak fluorescent emission at 5 J 8 nin. 
The use or a sequence detector (Alii I'rism) allows 
measurement of fluorescent spectra of all vo W eJh 
of the thermal cycler continuously during (he 
I'CK amplification. Therefore, tlie reueliuji> 
monitored in real time. The: output data is de- 
scribed and quantitative tumlyiih of input target 
l )NA sequences is discussed below. 
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PCR Produce Dcrecrlon in R«dl Time 

The goal wiis to develop a high-throughput, son- 
xitivv, mid necuratc gene quantitation assay for 
use In monitoring lipid mediated therapeutic* 
gene delivery. A piasmk! wncoding human factor 
Vlli gene sequence, pI-8TM (see. Methods), was 
used a& u mcnlel ihcrapcutk' kwh:. 'J'Jie assHy usr^ 
fluorescent Taqinun methodology and an instru- 
ment capable of meaiiurir)^ fluorescence in real 
time (Alii Prism 7700 Sequence Oeirclor). Ihe 
Taqmau reaction requires » hy hrldhutt ion proho 
lal>cled with two different fluorescent dyes. One 
dye Is a reporter dy« (MM), the otW in x quench- 
ing dye (TAMRA). When the J.irobi: Is j ill act, fluo- 

icaccji* energy transfer oecursi «nd the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During Hie extension 
phase of the VCR cyde, the fluorescent hybrid- 
1/^litin probe Is cleaved by tlie S^.T nucleolyiic 
uctivity of thr DNA polymerase. On cleavage of 
the probe, the reporter dye. emission is no longer 
transferred efficiently to the quenching dye, re 
suiting hi an hicrea.se of the reporter dyu fluores- 
cent cmi.<i.*luii Hp^Ctra. PCR primers uud probu* 
were de»i^iiKd ft*i ihu human factor VJU se- 
quence and human p-aetin gene (a* de..ic:rihed in 
Methods). Optimization rc«ctlon> were per- 
formed to choose the approprlute probe and 
magnesium concentrations yielding the highest 
InttiiMily of reporter fluorescent signal without 
sacrificing specif icity. The Instrumcml uses a 
chftige-coupJcd device (he, CCD coincm) for 

measuring the fluorescent em ission apeetn- from 

FMi in r,$0 nm. i:ach VCA\ tube was monitored 
sequentially Utr 25 m.set: with continuous moni- 
toring throughout tin: amplification. Each lube 
wu.% rr-exandncd cvtry B.S M.c Computer 5K>f<- 
ware. was designed to exainijir tlie fiii orescent in- 
tensity of both the reporter dye (I'AW) and 
the quenching dye (TAMRA), The Ihioresccnt 
intensity of the quenching dye, TAMRA, changes 
very iiulf: ov«r tlie course of the PCR ampllfl* 
cation (data not shown). Therefore, the intensity 
of TAMRA dye emission serve* hk un internal 
.-standard witlt which to noi-multou the reporter 
vlyc (1 ? AM) emission vnrindons. The ikoftwore ctil- 
culfitea a vdUn: termed ARn (or ARQ) using the. 
following equation: ARn - (Rji j ) (Rn"), where 
Rn 4 . emission intensity of reporter/emission in- 
tensity of quencher at ony given time in a reuc 
tlon lube, jntd Rn ^ emission inten.sitity of re- 
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poncr/cmissloii Ituwi^i^ »f quencher measured 
prior lo I'CK iunpiiiication in that same reaction 
tube. lor the purpose of quantitation, u )C last 
three data points (A Km) collected during the, e** 
tCMislOj? step for each K:k cycle were analyzed. 
The micleolytic degradation of the Jiyuj'Jiljxaiion 
probe occurs during the extension phase of rut, 
and, therefore, reporter fluorescent cniiawun in- 
creases during ibis time, Tin: thiw data points 
were averaged for each k;K cycle and the mean 
value for each w;is plotted in an "amplification 
plot" shown in J J itfure J A. The AKn mean value is 
plotted on the )*axJs, and tunc, represented by 
cycle number, is plotted on thcx-axis. Dxirin^ the 
early cycles of the VCR amplification, the ARn 



value remains at base line When .sufficient hy- 
Uridi/aUon probe has been cleaved by tije Ttui 
polymerase nuflftAtt activity, the intensity of ro- 
porter fhiorcuccm emission IncreuM^, Most l>CR 
amplifU-Mjons reach » plateau ph«Ne of reporter 
fJuorcsevuit cmifiston If the rote-lion 1ft carried out 
to high cycle number. The amplification plot ]<j 
examine! vuiJy in th« reaction, at a point that 
"-■presents ihv log phase of prudud arrmnula- 
lion. This is done by assigning an aibitjary 
threshold thai U based on the variability of the 
base-hnc dyu. fn Figure 1 A, the threshold was set 
»t 10 standard dcviallonN above the me;ni of 
base llnfl emission calculated from tyclc:» 1 lo 1 fv 
Once the threshold is chosen, the point at which 
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Rgure 1 PC.R product detection in real time. (A) The. Model 7700 MjUware will consiruct amplification plot* 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined from the data points collected from the base line of the amplification plot values are 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times the 
standard deviation of the base line). (S) Overlay ot amplification plots of serially (1 :2) diluted human genomic 
DNA samples amplified with pectin primers. (Q Input DNa concentration of lhe samples plotted versus C T . All 

TZQ\g\ ' /u "' ,K *' M « wkiWo\ 

90R3I JQS6 OBI 6*6 lYd 6S^T Z002/S0/ZT 



From ' BML 



PHONE No. : 310 472 0905 



Dec. 05 2002 12:22ftM P14 



the amplification plot crossus the thfcsholdivdt- 
filled as C P C, is reported us the cycle number u\ 
this point. Ac will be demonstrated, (ho G, .value 
h picdicUve of ihc quantity of input turret. 

C,. Values Provide a Quantitative Measurement. oT 
Input Target Sequences 

Figure 1B shows amplification plot* erf liidiffav- 
en( PGR amplifications overlaid, The amplify 
tions wore performed on a 1:2 serial dilution •«« 
human genomic 1WA. The amplified target w:u, 
human p actin, The amplification plots xhifl to 
the right (to higher threshold cycles) ns the input 
target quantity is reduced. 'Jl™ is expected ho 
toik« niMctiona with tower starting capitis of the 
largci molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the O r value*. Figure 1C represents the 
C: r values plotted versus (he sample dilution 
value, Each dilution was amplified in triplicate 
P<!R amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The Cr values decrease linearly with increas- 
ing target quantity. Thus, C r values can be used 
as a quantitative measurement of tin* input tared 
number. It should be noted that the amplifica- 
tion plot for the is-frn* sample shown in Figure 
IB does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples 

lhe 15.6- ng sample also achieve end noint pla- 

teati at a lower fluorescent value than would be 
expected based on the input 1>NA. This phenom* 
cnon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C. value as 
demonstrated by the ill on the ihie shown in 
Fiftu™ 1 C. All triplicate amplifications resulted in 
very similar Or values— the standard deviation 
du! not exceed 0.5 for any dilution. This experi- 
ment contains a >1 00,000-fold range of input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The. linear range oi Jluoresccnt in- 
tensity measurement of the AIM 1'rlam 7700 $e- 
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mt*!Vrs over n very large T#ny>t> of rftHliv<» starting 
taryct quantities. 

Sample Preparation Validation 

Several parameters influence the chTcienry uf 
PC;R amplification: magnesium and salt conceu. 
trations, reaction conditions, (i.e., time and tem- 
perature), PCK target si7.c and composition, 
primer sequences, and sample purity. All of The 
above factors are common to a single PCR assay, 
except sample to sample purity, in an effort to 
validate the method of sample preparation fox 
the factor Viil assay, WJR amplification reproduo. 
ibility and efficiency oJ 10 replicate sample 
preparations were examined. After genomic DNA 
was prepared from the 10 replicate samples, lhe 
DNA was quantified by ultraviolet spectroscopy, 
Amplifications were performed analyzing p-aain 
gene content In 100 and Z$ n K of total genomic 
DNA. Each K;r amplification was performed in 
triplicate. Comparison of C r values for each* trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Table l). l*bercfore, each oi the triplicate por 
amplifications was highly reproducible, demon- 
strating that real time PCR using this injln/mcn- 
inlion introduces minimal variation Into th« 
quantitative J'CU analysis. comparison of the 
mean V n values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 

res ults for frnclln g ene quantit y. The highest C; T 

difference between any of rhe samples was 0.85 
and 0,73 for the 1(K) and 25 ng samples, respec- 
Hv«Jy. Additiona/ly, the amplification of cadi 
sample exhibited an equivalent rate of fluorcv 
cent emission intensity change per amount of 
DNA target analyzed as indicaicd by similar 
slopes derived from ihc sample dilutions (Pig. 2). 
Any sample containing an excess of a l'CK inhibi- 
tor would exhibit a greater measured (3-actin G r 
value for a given quantity of DNA. in addition, 
the inhibitor would be diluted along with i| )t! 
sample in the dilution analysis (Hi K . 2), altering 
the expected C r value change. Each sample" am- 
plification yielded a similar result in the analysis 
demonstrating that this method of sample prepa- 
ration is highly reproducible, with regard to 
sample purity. 
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T«bl» 1 . RoproduglbWty of t-mpl* Preparation Method 



Sample 



1 
2 
3 
4 



7 

a 

9 
10 

Mean 



18.24 

18.23 

1&J3 

18.33 

18.35 

18.44 

18.3 

18.3 

18,42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18-52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

1B.66 

0 io) 



100 ng 



standard 
nwan deviation CV 



13.27 0.06 

18.V 0,0<S 

18.34 0.07 

18.23 O.OS 

1UM2 0.04 

18.74 0.24 

18.39 0.12 

18.63 0.16 

18.29 0.1 

18.55 OA 2 

18,12 0.17 



25 ng 



standard 
mean deviation 



20.48 
20.55 

0>32 20,5 20,51 0.03 
20.61 
20.59 

0,3? 20.41 0,11 
20.54 
20.6 

0.36 20.49 20.54 0.06 
20.48 
20.44 

0.46 20.38 20.43 0.05 
20.68 
20.87 

0.23 20.63 20.73 0.13 
21,09 
21,04 

1 26 21.04 21.06 0.03 
20.67 
20,73 

0-66 20.65 20.6ft 0.04 
20.96 
20.84 

0.83 20.75 20.86 0,12 
20,46 
20.54 

0,55 20.48 20.51 0.07 
20,79 
20.78 

0,65 20.62 20.73 OJ 



CV 



0,90 



20.66 0.19 



0,17 

0.54 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.T6 
0,94 



tor containing a partial cDNA for human factor 
vni, pi-'BTM. A scries of transections was sot 
up using a decreasing amount of the plasmid v (40, 
4, 0.3, and (>.] ^g). 'IWmy-four hours posl- 
traiutfertion, total w<* purified frt„n each 

flask uf irlia. p-Aclin fcwir quantity wa* clKiseii as 
a villus rVji- normalifcaliuii of Kcuumir. DNA con- 
rairrailoii Hum each sample, hi this cxpeu/m:nt, 
(i-aenn gene comcm should remain constant 
relative to coral genomic UNA. Figure :* shows tin- 
result of the p-acrln DNA measurement (100 jig 
total DNA dclcrmin«d by ultraviolet spectros- 
copy) of each sample. Kach sample was analysed 
in triplicate and the mean (i-actin Gr values of 
the triplicates were plotted (error bars represent 

C60® 



uehvi-nui any iwf> samplo moans was 0.95 C r . Ten 
nanograms of totyl DNA of uaeh Sample were also 
examined for 0-aciln. The results again showed 
that very similar amounts of genomic 1>NA were 
present; the maximum mean p actin (";, value 
difference was 1 .0. As Figure 3 shows, the ™tc of 
(VaetJn C r cluing boLwceu the 300 and 10-iig 
siun|>]ea was similar (slope values r;mg« bwhvoon 
3,56 anj - 3.45). Thi* verifies again th«t the 
method of .sample preparation yields sajnplias of 
identical PCR integrity no sample contained 
an CXCCSiive amount of a PGR inhibitor). How- 
ever, these results indicate that each sample con 
tained slight diffeiences in the actual amount of 
genomic DNA aixaiyxcd. Determination of actual 
uuijuuiic DNA concert ration was accomplished 
H0KX ZQSS OQl 6*6 Vfd 00:ST Z002/S0/ST 
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1®B ("B Input genomic DMA) 

Figure 2 Sor ■ iple preparation purity. 1 he replicant 
samples shown In Table 7 wore also amplified In 
tripicate using 2£ ng of each DNA sample, The fig* 
shows die input DNA concentration (100 and 
25 ng) vs. C, In ihr- figure, the 100 and 75 no 
points for «ach sample are connected by a line. 



by plotting the mean fJ-actin O, value obtained 
for uat'h 1(H). ng samp]* on a pectin standard 
t.nrve (shown In 40). The actual genomic 
ONA concentration of each simmlc, was ob 
Lalncd l>y extrapolation to tiiu X-axis, 

Figure- 4A shows the measured, (f.it., n»n- 
normalised) c|u*uiUIk:.n of /actor V1J) plnsinid 
DNA (pPSTM) from each of tin: four transient eel] 
transactions. Each reaction contained 100 tig of 
total samples DNA (as determined by UV spectros- 
copy). 1-ach sample was analyzed iji triplicate 
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Figure 5 Analy>l> of Uansfected cdi DNA quantity 
and purity, (he DNA preparations of ihc four 293 
cef! transfections (40, A, 0.5, and 0.1 >*g of pF8TM) 
were analyzed for the p-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate, For each 
amount of pF8TM that was transfected, the fi-actln 
C T values are plotted versus the total Input DNA 



VCU simplification*. As shown, pFSTM purified 
>h.i/ie Jhc ZO'A colls decrease* (mean C, values in- 
crwu-u^ with decreasing amounts of plasmld 
druJteh'Ucd* The mean C L values obtained for 
pFBTM in Tiyurc 4A were plotted on a slandurd 
curve cC'mprbed uf seihilly diluted pFKTM, 
shown ,tn .figure 4H. The quanlily uJ pI'KTN/i, h, 
found in each of the four transactions was de- 
termined by extrapolation to the x axit; uf the 
standard curve in l'igurc 4H. These uncorrected 
values, h, for pWiW were normal)^*! to deter- 
mine the actual amount of pI'8'l'M found per 100 
ri« of genomic DNA by using the equation:. 

h X 10 0 Tift jjciual pf WVM copies per 
"100 ng of genomic DNA 

where a - actual genomic ONA in a .sample and 
frupPftTM copies from the standard curve., The 
normalised quantity of pl'STM per 100 ng of ge- 
nomic ONA for each of the four irana'taciton* h 
shown in figure 4JJ, 'Hicse result* .show mat ihc 
cjuantny of factor vm piasnUO a^ovldteU wini 
the 2V3 cells, 21 lir after irtuusfvUiun, di:i.n:asef.- 
with Uccrcctsln); pJtiMii UJ ujiu.wiuiaUon used In 
the transfe^ipn. The quantity of pi ; HTM awoeJ- 
aica with Z93 cells, after transection with 40 mg 
of ptittfmid, was 35 pgp^r 100 ng ^numlc DNA. 
Tills rcsuirs in -520 piasinid copies per celJ, 



DISCUSSION 

Wo have described a new method for qunntiiiit- 
8C*nc copy numbers using rtjhMlittc analysis 
t>H^R-ampWicqtionsrR&aWmc K:K K a >mpat ~ 



iblc with cjthtir of ihc two KIR (KT-PCR) ap- 
jjroacho: (1) quaiitltative competitive wiicrc An 
inleijiitl tuinpciltor for each far«et sequence i» 
used for normalization (data not shown) or (2) 
quantitative comparative 1>CK u»h;y (i uwunali^- 
tiou^ene contained within the sample (i.e., |3-ac- 
tin) or a "housekeeping" gene for RT-POK. Ff 
equal amounts of nucleic ueld are analyzed for 
each sample and if the amplification cf/Kicncy 
before quantitative anaiysb * identical for e«ch 
sample, the lTintrnaJ conliul (nonnali^iljon gene 
or competitor) should give equul M K n«tI» for alJ 
samples. 

The real-time PCH method (jffers several ad- 
vairiagcs over the other two methods <:urrcntly 
employed (i>ee the Introduction). 'First, the real- 
time PGR method is performed in a dosed-tube 
system and requires no po.st-PCR manipulation 
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1 U 1 P 

F ! Dl,r ^t.,? r "' nt ]? tiV0 *™ ly * i * of P F8TM in *™tfccicd cell*. M) Amount of 
SUS f n */™"'*' ten P'«« U«« «H»n C, value deter. 

rrSSi J« . rcmaJnin ? ^ hr Election. (0,0 Standard cu W of 
C/^^fllfTck r >P ° CU ^ prQ ™ DNA <fl > * M 9««"«« ^NA (Q were 
JlnS? I ^ °^ am P ,(fIc ^ !o " *« appropriate primers. Tnc B-actin 

standard curv* wa> usod 10 normal^ the results of A to 1 00 ny of genomic DNA. 
(0) The amount of P F8TM present p<:r 1 00 » 9 of genomic DNA 



of sample Therefore, |h«> potential for pel* con- 
tamination in ihc laboratory is reduced because 
amplified productu can fx* analysed and disposed 
of without opening the ruction tubes. Second, 
this method suppoiU the u.s« of a iujrm<i1ixiiik>n 
tt c;n ^ (i-c, P-actin) for quantitative. F»CR or ho use- 
keeping genes for quantitative RT-l'Ck controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
k»K phase permits many different genes (over a 
wide input target range) to be analyzed Simulta- 
neously, without concern of reaching reunion 
plateau at different cycles. Tins will make imilll- 
$cn« analysis assays much caalei lo develop, be- 
cause individual internal unnpelUoii will not be 
necded for each gene under analyst*. Third, 
sample throughput vvill imiea:* dramatically 
with ihc new method because there i» no poat- 
IX'M prnccrwing time. Additionally, walking In a 
format is highly compatible with auto- 
i nation technology, 

The real-lime PCR method is highly repro- 
ducible. Replicate amplifications can be analyzed 



for cwh sample minimizing potential error. The. 
system allow* for a very large assay dynamic 
run ft e (approaching 1,000,000- fold starting tin- 
$el). UmIiik u .standard curve for the target ui in- 
Utcm, relative copy number valuta can be clcier- 
_niincd-for-any-wmkj-^^^ 
threshold valuca, c,„ coneJair. linearly with rela- 
tive DNA copy numbers. Keal time quantitative 
KT*«:k methodology (Gibson et al v this Ijuuc*) 
ha* alio been developed, finally, real lime qu<in- 
tifotive I'Cll methodology can be usc.il u> develop 
high-throughput screening aaaaya for n variety of 
applications [quantitative gene G*frje»»iun (KT- 
PCR), Rene copy nsaays <M C r2, HIV, etc.), geno- 
*yp* n & (knockout mouse. analysis), and hnmunu- 
PCUJ. 

Real-time POR may al.w be informed using 
intercalating dyo.s (Higuchi et al- 1WA) such tis 
cOiJdiunt bromide. The fluorogenic probe 
method offers a major advantage over inter- 
calating dyes— greater specificity (i.e., primer 
dimvrs and nonspecific PCR producls are not de- 
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METHODS 

Generation uf <\ Plasmid Containing a Partial 
cDNA for Human Factor VIII 

Total RNA Yf«> harvested (KNAkoI II from I <•) l est, Inc., 
hrjendswood, TX) /rum edit* I i*i»*feclt>d with q factor VII! 
rxj#rca*iuu vector, pCUSZ»Hv?SU (Kaum et M. 1986; Otn» 
mnn ci ah 1990). A faoLor VIII partial cDNA wpieiuv WHS 
^nemtc-a by in* l*:!t IcioneAmp la iTlh ItNA WW kit 

(pan nbok-ov/9, r& Applied tsiosyMcms l'ostvi City, c;a;j 

Uilnp the I j c:k pi'imufi 1-ftfor mul l-'Krcv < nri ?" i-r .srqii euce\ 
are shown below). The ampHcon was ^amplified using 
modified Mfor and I^rcv primers (Kpix'Tuled wuh huwll] 
and HimWW restriction 5lrc sequence hi the y end; and 
cloned !"*<> jXiliM- 3Z (Promt^u tlnrp., Madwon, WI). The 
rcsLilltnKcJonc, pPSTM, was uslccI lor transient transfenjon 
of 293 cdU. 



Amplification of Target DNA and Detection of 
Amplicon Factor VKI Masmid DNA 

(pMJTM) was ttmpllfuxl with di<r p.iinvi* VH(ur 5'-C<;c:- 

cn'(i(;(;AA<.iAu:jUAt;iiicn\-.3' and i*rev 5'-aaac;<;t- 
t^oocracaAJCityrAcici-^'.'iltcivHciU)!! pioduwd « 'i^rj- 
up n':K product. The forwurd primer wa* denned tu kv 
oyntzc it unique M-querni- f\ mM cl Jn die 5' unirandftted 
rejpnn f»f the. pmem pC13Z,cHZ5l> pldMitUl mul therefore 
dov* not ivwihmUi: «ind amplify die human factor VIII 
gene. I'rimorft wore- choson with the avsiflanrf of I ho eom. 
[>uLcr program (.>li«o 1,0 (Nutiimtd hUweionces, lm\. I'ly. 
mcitith, MN). The human p-acthi g*»ne was amplified with 
liic primer* />-m tin forward primer 5 ' TCACCCAOA* ri'CT 
GCCCATOTACX'iA-.V and p-actuj reverse piirner .S'^CAfi- 
CGGAACCXlfrj'CAriXiCCJVA'j'GG.S'. The reaction pro- 
CHiCeO a I>95 hp i*C;k product. 

Amplification reactions (SO pj) contained it DNA 
sample, Klx PGR Kuffur II (S pj), 200 fiM dATP, dCTP 
dGTP, and 400 \M rttirr, 4 tmi M#<;i ? , 1,25 Unlis AmpJI 
7Vi ( ; r;NA polymciasc, 0,5 unit AmpKrnw uracil N-«iy- 
w^yluw <UN0), fi0|>inolvof cftch focloi VIII |irlm v „ unci JS 
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OOe Of Ihc following detect Inn prolix (WJO iim Piirli)* 

GCCTT(TAMRA)p 3' p-nttin probv 5' (rAM)ATGf XX:- 
XClAMKAJCCCCCATGCCATCp-V where p indicates 
phosphorylAtiAn nnd X Indl cotes a linker arm nucleotide. 
Reaction Iu)h\% wen* MittiuAmp Optical Tubes (part Aum- 
bcrNkOI 09i%, PorJdn Ulxiiur) Uiat wore froytotl £«1 IVrhln 
Tinier) to puvtiii /mm /cflccilng. Tube cflpi were 

iimU»v 10 Micrt>Aaip t; n ps bta specially dwiftucd 10 pre- 
vent ll^Iu M.-utU-nii S . All o< tb<. IK^^ftiAiimhbk* were ttu>v 
I'titd 1>y Pi: Applied lUtMyMrmv (h>*tor OWy, CA) except 
thr factor VJll priiuera, w)ik*H w**u* xy nib mixed ut Ccncn 
tech, Inc. (South 5 t »n rranclst^o, CA). Probes 
titlng the Oli^r.T 4.0 Jiofiware, following giildellues 
itcsiea in tnc Model 7700 .Sequence DeuH'bw tn.Maoiie/il 
manual, briefly, probu T m iJiuutd be nl Jeasl 5 U C hlfjlirr 
mail The annulling Leuii^jdlurc aied durl/j*; (lirrmul cy- 
rlmg; primers should nt»i /ohm sublv duplexed with (be 
pfobr. 

The iheniMil tyrlhig cuiiditloivs Jnrluded 2 jubi At 
SOt - and 10 ruin al 95"C. 'Hiej-iiial cycling proceeded with 

eora 



reactions were ixsrformcd i" th<» Morlfl 770t),ScquCIKT W- 
Utior (PU Applied Ulusyvlvuib)! which omului a Orm - 
Amp V<"M Systum 9OO0. lU*acllon coudhi Oik wi'tf pro* 
grutmttexl un .1 IW« Mncintt»b V100 (Apple CompnfPr, 

Santa Clara, c;A) linked dirvnly to the Model WOO Sr- 
cjucikv IXileclor. Anuly^U *>f data w»v aUo perf/umi'H on 
thv MNi lntosh compvitcr, C^ollnetloii ;md iinalyKU Koflwuro 
w?»ii develojwd h\ I'K Applied niosyslums. 



Transfection of Cells with Factor VIII Conrtrud 

l-our T17S Oaskfc of 293 cells (ATCC CAU. ?» human 

feiol kidney »i^pen^ion cell line, were oniwn [0 fi0% con- 
Hmwy and tramfctted pt-'KTM. Cells were grown in tbv 
fv>llnwltig media! S0% HAM r \ wltham GMT, Mm U>« 
Ulucosc J)ull>mN)'a fnodiflrd I^«leiTJodium (DMIiM) wltJj. 
oi« filyci!»« wilh sodium bicarbimate, 10% leial tKwinc 
svruin, 2 iiim l-kJuUmhk, dhri 1% pcnidllin-strcptomy' 
^Io f The media w«» dt^n^cd 30 roin Mvn* the hansfoc 
lion. pl'UTM DNA amounts of ^0 t 4, OA, nnd 0.1 j*f; were 
added Id l.A ml of « sotutJon conwlnlnR 0.125 m CuCI*- 
and 1 x IIKPliS. The four mixtureft were left at room tL-m- 
(.K'Tntwrf (tit it) mhi and iheti itddinl dmpwlse (cv die cells. 
The fliuk* wvie,tn(. k ulj«itcd nl 37°C'»nd 5% CX\ fcir 24 hr, 
wanljod with PUS, and ma upended In V\\$ t The K'xiim 
jn-ruKid celli were divided into »Iit|uot.i uml DNA WAd ex- 
tnieted hn mediately IhvQIAu/np KJoud Kit (Qlaften. 
C:h«t5m>rth, CA). ON A w< t .s <:luled Into 200 p.1 of 20 i»u 

lyia-nrj ot piiK.o, 
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